In Human Computer Interaction, appropriate feedback is especially important when an error occurs. This work compares implications for user's psychological reactance and acceptance of two different types of error and their representations through feedback. Reactance and acceptance levels were measured after presenting feedback that allows a conclusion on the cause of an occurred error and feedback that fails to do so. It was found that reactance levels were significantly higher and acceptance levels significantly lower in the latter case. Suggestions for appropriate system design are discussed.
INTRODUCTION
System feedback can have important implications for HCI. Especially in connection with system-or user errors, adequate feedback can provide valuable hints for the user to resolve or adequately handle an undesired system response. Usually, guidelines on feedback claim that it should be complete and provided in a way that the user fully understands outcomes (Hartson et al., 2012) . Unfortunately, such recommendations are often not followed, but error codes or very generic messages are displayed, instead. Besides the obvious negative aspects of such a practice, e.g. no or weak situation awareness of the user, we argue that also psychological consequences can follow. One of such consequences can be that users become reactant. Psychological reactance is a construct from social psychology. It was first introduced by (Brehm, 1966) . Reactance is described as an affective state that can occur if a person perceives a loss of freedom of choice or control (Brehm, 1966) . It is likely to be manifested in a mixture of anger and negative cognitions (Dillard et al., 2005) towards the stimulus. Additionally, the level of reactance that a person experiences is also due to his or her proneness to become reactant (Brehm et al., 1981) . Therefore, proneness to reactance can also be regarded as a trait reactance. A given system that induces reactance in its users is likely to suffer decreased acceptance, as was observed for example in public health campaigns (Dillard et al., 2005) . Similar effects could be shown for the context of online recommendation systems (Lee et al., 2009 ). Furthermore, it was found that social agency of persuasive systems can increase reactance (Roubroeks et al., 2011) . Apart from this, the concept of reactance has not received much attention as a directly measured variable in the context of HCI, so far. There is however some work that mentions the concept but did not directly measure reactance (Laschke et al. 2014; Stieger et al. 2007 ).
The way in which system design, and in particular system feedback design, influences user reactance is not yet known.
A study that investigates the implications of two different types of errors and according feedback on user judgment about a smart TV is presented here. The different error types and their representation through feedback are as follows. The first error type represents an interpretation error of a speech command. This means that the user will be able to see that the speech command was recognized successful, but interpreted wrongly. The wrong interpretation then leads to a wrong execution of the command. Nevertheless, the execution is consistent with the false interpretation. Through the feedback that is given, users can get an explanation about why the smart TV did not perform the task that the user intended.
The second type of error was implemented in such a way that the user does not get a sufficient explanation on why the error might have occurred. Through system feedback, the user can see that the speech command was recognized correctly and the interpretation was correct, as well. However, the smart TV still performs a false execution of the command. We assume that this will lead to a state of confusion and a feeling of lost control over the situation. According to reactance theory (Brehm et al., 1981) , this would then result in a higher state of psychological reactance and also in a decrease of acceptance of the smart TV. Three hypotheses are stated for the current study:
Hypothesis 1
A sufficient number of errors during interaction decreases the users' control over the smart TV. This will be perceived by the users and then induce a heightened state of reactance in both error conditions, compared to a baseline condition that does not contain any errors.
Hypothesis 2
Even though users suffer a certain loss of control over the smart TV in the condition with the first error type, system feedback still provides a rational explanation on how the error occurred (via a false interpretation of the command). In the condition with the second error type, no such explanation is provided. It is assumed that the lack of sufficient explanation of the error leads to a state of confusion and a perception of lessened control over the situation in the users. This could then be observed in a higher state of users' reactance in the condition with the second error type, compared to both other conditions.
Hypothesis 3
Former studies hinted that reactance has a negative influence on acceptance towards the stimulus (Dillard et al., 2005) . Acceptability (Moeller et al., 2007) , which is the potential to induce acceptance of the smart TV will be accessed alongside state reactance. If reactance can have a negative influence on acceptance, then acceptability of the smart TV should be lowest in the condition with error type two.
Should the hypotheses be confirmed and errors can cause reactance, this will provide some implications for developers. Reactance is usually an undesired effect for any type of communication. If reactance can be shown to be influenced by the type of error handling and decrease acceptability, developers should commit sufficient attention to error handling to keep reactance levels of users are kept as low as possible.
METHODS

Participants
36 adults that were recruited via a participant database took part in the experiment. All of them were between 18 and 44 years old (M=27.44 years, SD=5.60). Gender was balanced and resulted in a total of 18 females and 18 males. For the statistical analysis, the dataset of one participant was dropped because it was an outlier. This resulted in a total number of 17 participants for group I (baseline and first error type) and 18 participants for group II (baseline and second error type).
Procedure
The experiment was a partial between-partial withinsubjects design. All participants interacted with the prototype of a smart TV that used a smartphone as a remote control. Users could pose commands in natural language to the smartphone via a push-to-talk button. The commands were then processed and executed by the smart TV. Interaction consisted of a set of 17 tasks per condition that were stated in a way that the participants had to come up with the proper formulation of the commands by themselves. An example of a task is: "Search for action movies from the 80s." Participants were allowed to try to solve each task twice. During the interaction, the smart TV showed three types of feedback.
A) The user command as interpreted by the natural language understanding software, e.g. ''display the program for tomorrow'', B) the interpretation of the command e.g. ''program for tomorrow'' and C) the actual execution of the command e.g. a list showing the program for tomorrow. A screenshot of the interface, including the three feedback types, is shown in Figure 1 . At the beginning of the experiment, the instructor explained all three feedback types and their meaning to the participants, using an example query and oral explanations. The experiment had three conditions. The first condition (C1) was the baseline, where feedback was not manipulated and the smart TV acted as intended. In the second condition (C2), feedback A remained untouched, whereas feedback B was manipulated to commit the first error type (interpretation error). Feedback C was following the (false) interpretation that was shown in feedback B. In this condition, the error in feedback B can serve as an explanation for the false execution that is obvious from feedback C. In the third condition (C3), feedback A remained untouched, as well. Also, feedback B showed a correct interpretation of feedback A. Only feedback C showed a false content that was executed. This condition was designed to represent a dissonance between the interpretation of the user command and the execution of the smart TV, thereby not providing an explanation on why the error might have occurred. The error frequency of C2 and C3 was scripted to be 50%, while no error would occur in the first two and last two trials of each condition. All participants were assigned to one of two groups (I and II) at random. Members of group I interacted with the smart TV in condition C1 and C2, whereas members of group II interacted with the smart TV in condition C1 and C3. The order of the two conditions within each group was changed for every participant in order to avoid any sequence effects. Also, all participants passed a training phase and thereby learned the appropriate commands that were to be used. Only a few errors that were not artificially introduced occurred during the experiment. After the interaction, all participants completed a set of questionnaires. Among those questionnaires was the P.851 (Moeller et al., 2007) that was used to provide a judgment of acceptability and includes items like ''I would use the system again in the future'' and a questionnaire for measuring state reactance. The reactance questionnaire is not yet published. See Table 1 for the included items. 
No. Item (English Translation)
RESULTS
The dimension acceptability of P.851 and the reactance scores of the first measure between the two groups I and II were analysed with a Mann-Whitney U test because Levene's Test for Equality of Variances was significant. The Mann-Whitney U Test indicated that acceptability was not significantly different in C1 of the two groups I and II. Also, the Mann-Whitney U Test indicated that the level of reactance, as well as its two factors "negative cognitions" and "anger" were not significantly different in the first measures of the two groups I and II. Paired Samples T-Tests were performed to analyse differences of reactance and its factors between the first and the second measurement of the groups I and II. There was a significant difference in the scores for the first reactance measure and the second reactance measure of group I. There was also a significant difference in the scores for the first reactance measure and the second reactance measure of group II. The reactance scores of the second measurement of the two groups I and II were analysed with a Mann-Whitney U test, because Levene's Test for Equality of Variances was significant. The MannWhitney U Test indicated that the level of reactance in group II was greater than the level of reactance in group I. A summary of the measures in reactance and acceptability can be seen in Table 2 . Furthermore, descriptive statistics are provided in Table 3 . The Pearson Correlation of reactance with acceptability was calculated for both groups independently. An overview of the accessed correlations can be seen in Table 4 . Table 4 . Overview of the correlations between Reactance (R.) and Acceptability (Acc.). Groups are written in brackets. Only correlations of variables that were accessed within subjects were analyzed. Significant correlations (below 0.05) are marked with a star, highly significant correlations (below 0.001) are marked with two stars.
Conditions
DISCUSSION
Results show significant differences in reactance and its components anger and negative cognitions between all three conditions. Also, it was tested if there is a significant difference between the two groups I and II in condition C1. No such differences could be observed. Therefore it can be concluded that there is no observable difference between the two groups that could serve as an explanation of the differences between the conditions C2
Reactance (I) Reactance (II)
Acceptability ( Table 3 . Descriptive statistics of Negative Cognitions, Anger, Reactance and Acceptability in the three conditions. Group number is written brackets.
and C3. Acceptability was measured for the proposed effect of reactance on acceptance. Results support the claim, that a system which induces reactance can thereby suffer a decrease of acceptability.
Hypothesis 1
The first hypothesis can be confirmed. It could be proven, that the two conditions that included errors induced significantly more reactance compared to the condition that did not include artificially added errors. This is true for reactance and both of its factors anger and negative cognitions.
Hypothesis 2
The second hypothesis can be confirmed, as well. In C2, in which an explanation for the error was provided via Feedback B, significantly lower levels of reactance were observed, compared to the condition in which feedback B did not provide an adequate explanation for the error. A likely explanation that is consistent with reactance theory is that users got an impression of less control over the situation because they could not explain the error via the given feedback. However, no additional measurements are available to proof or disproof this.
Hypothesis 3
The third hypothesis can be confirmed. There is a significant decrease in acceptability of the smart TV between the first measurement and the second measurement for groups I and II. Also, acceptability of the smart TV is significantly lower for the condition with error type two, compared to the condition with error type one. This is consistent with the levels of reactance that were measured in all conditions. The condition with error type two induced the highest levels of reactance, while the acceptability rating was lowest. For the condition without artificially induced errors, the observed levels of reactance are lowest, while the acceptability rating of the smart TV was highest.
Developers should always provide sufficient information if an error occurs, so that users are able to infer on the error-source. This will likely prevent or lessen the amount of users' reactance if an error occurs. The results also underline the importance of the psychological construct reactance as a metric for HCI in general. Reactance is rarely accessed in HCI research, even though several studies pointed at its relevance for the field (Roubroeks et al., 2011; Lee et al., 2009; Stieger et al., 2007 ). In the current study, reactance was moderated by the design of the error message. However, the design of messages of other sorts, such as persuasive attempts (Dillard et al., 2005; Lee et al., 2009) or even the human likeness of the messenger agent (Roubroeks et al., 2011) have been known to influence reactance, as well. Our analysis has shown significant correlation between reactance and acceptability. A strong negative correlation that was highly significant was observed in group II with error type two. Also, a significant negative correlation was observed in the group with error type one. Overall, the observed correlations support the claim that reactance has a negative influence on acceptance. Acceptability is not equal to acceptance but it closely resembles the concept of potential acceptance of a given system on a selfreporting level. The findings imply that strategies that reduce reactance can also be used to increase acceptance of devices, not only in the context of error messages. Such strategies include adjustment of social agency (Roubroeks et al. 2011 ) and optionality (Stieger et al. 2007) . After finding the effect of differences in errorfeedback on reactance in this scenario, we are continuing our research on reactance and its implications for system design. We are currently studying the influence of trait reactance on users' design preferences of different system parameters. Those parameters include human-likeness, directness of language in messages and the level of detail in which information is presented. We hope that this will lead to a collection of guidelines for better addressing users' personality traits in adaptive systems.
CONCLUSIONS
We were able to show significant increases in state reactance between the untouched condition and the condition that contained errors. Also, it was shown that the type of error message can have a significant influence on the amount of reactance and acceptance. We conclude that system design that aims at minimizing reactance will also positively influence acceptance. Therefore, developers should try to emphasize users' control. 
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